The pulmonary diffusing capacity of normal persons increases during exercise, and has been measured by many investigators and by a variety of techniques (2-7). This increase in pulmonary diffusing capacity is probably caused by an increase in the size of the pulmonary capillary bed (8), but the mechanism by which it occurs is incompletely understood. It is independent of pulmonary blood flow (7, 9), but is related to the pressure across the walls of the pulmonary blood vessels (10). If the increase in pulmonary diffusing capacity in response to exercise is caused by enlargement of the pulmonary capillary bed, an increase in pulmonary diffusing capacity ought to be demonstrated regularly in persons with a normal capillary bed, and a failure to increase in a normal fashion ought to be demonstrated in some patients with a restricted vascular bed.
The pulmonary diffusing capacity of normal persons increases during exercise, and has been measured by many investigators and by a variety of techniques (2) (3) (4) (5) (6) (7) . This increase in pulmonary diffusing capacity is probably caused by an increase in the size of the pulmonary capillary bed (8) , but the mechanism by which it occurs is incompletely understood. It is independent of pulmonary blood flow (7, 9) , but is related to the pressure across the walls of the pulmonary blood vessels (10) . If the increase in pulmonary diffusing capacity in response to exercise is caused by enlargement of the pulmonary capillary bed, an increase in pulmonary diffusing capacity ought to be demonstrated regularly in persons with a normal capillary bed, and a failure to increase in a normal fashion ought to be demonstrated in some patients with a restricted vascular bed.
The purpose of our investigation was 1) to determine the magnitude of increase in pulmonary diffusing capacity in normal subjects at various levels of exercise, 2) to ascertain the extent of exercise needed to give a predictable increase in pulmonary diffusing capacity in normal subjects, and 3) to study the exercise response of pulmonary diffusing capacity in subjects with a pulmonary capillary bed of normal size, as in pregnancy, patients with a large resting pulmonary capillary bed, as with atrial septal defect, and patients with a restricted pulmonary capillary bed, as in lung disease.
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MATERIALS AND METHODS
The nine normal subj ects were medical students or laboratory technicians with no history of heart or lung disease; their physical characteristics are given in Table  I . They were exercised on a motor driven treadmill at five grades of exercise: 2, 3, and 4 miles per hour, 4 miles per hour with an 8 per cent grade, and 4'A miles per hour with an 8 per cent grade. Exercise continued for 7 minutes. Pulmonary diffusing capacity was determined by the single breath method of Ogilvie, Forster, Blakemore, and Morton (6) at 2, 4, and 6 minutes of exercise. The three values of pulmonary diffusing capacity thus obtained were averaged to obtain the value of diffusing capacity for a given level of exercise. Our results were similar to those of Ogilvie and colleagues (6) in that these three values tended to be close together. Each time that the response of a subject to exercise was studied, a resting diffusing capacity was determined before exercise. The subjects sat quietly for 20 minutes and then three determinations of resting diffusing capacity were made. The resting diffusing capacity was an average of the three determinations. Since resting values vary from day to day, it was necessary to determine the resting value and the exercise value at each level of exercise studied. In performing the breathholding diffusing capacity test, each subject was instructed to take a maximal inspiration. Alveolar volumes at rest and exercise were similar, thus obviating Figure 2 and Table II (Figure 3) , and an individual increase of 2 to 7 ml per minute per mm Hg.
The ten patients with lung disease responded differently ( Figure 4 and Table V 
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cise. The pregnant women, because their pre-(licted normal values were lower than for the group of normal men and women, started at a lower absolute level than the normal group, but increased in a normal way. Patients with lung disease started with a low value and had an abnormal response to exercise.
DISCUSSION
When the exercise stimulus is great enough, pulmonary diffusing capacity increases in normal persons and in patients who have the ability to increase the size of the pulmonary capillary bed. Pulmonary diffusing capacity fails to increase in response to an adequate stimulus in some patients with lung disease, presumably because the capillary bed is incapable of enlarging. The normal response of some patients with lung disease to the exercise stimulus suggests that they retain the ability to increase the capillary bed size. These -findings are consistent with our anatomical knowledge of the pulmonary capillary bed in disease.
Factors other than increase in the size of the capillary bed that might be responsible for an increase in pulmonary diffusing capacity with exercise are the associated hyperventilation, a difference in the alveolar volume between the resting and exercise states, a fall in the capillary Po2 with breath-holding, an increase in capillary Pco2 with breath-holding, and uneven ventilation within the lungs.
Hyperventilation. The effect of hyperventilation on pulmonary diffusing capacity has depended on the method used to measure diffusing capacity.
Using the steady state method, Ross, Frayser, and Hickam (7), Turino, Brandfonbrener, and Fishman (9), and MacNamara, Prime, and Sinclair (17) found that hyperventilation produced an increase in the diffusing capacity of the lung. They suggested that the increase in pulmonary diffusing capacity found with exercise depended on hyperventilation. Apthorp and Marshall (15) , however, have shown that the value obtained for the measurement of steady state diffusing capacity at rest depended upon the alveolar volume at which the measurement was made. They showed that values obtained for pulmonary diffusing capacity by the steady state method and the breath-holding method were the same when the alveolar volumes were equal. In addition, Apthorp and Marshall (15) showed, by the steady state method, that exercise produced an increase in pulmonary diffusing capacity greater than that which would be accounted for by the increased ventilation of exercise. An increase in pulmonary diffusing capacity with hyperventilation has not been demonstrated with the breath-holding method (7), presumably because the measurement is made at maximal lung volume. All our measurements were made using the breath-holding method at full inspiration. The hyperpnea of exercise was similar in normal persons, pregnant women, the patients with atrial septal defect, and those with lung disease. We do not believe that the increase in pulmonary diffusing capacity with exercise can be ascribed to hyperventilation, and we are quite sure that hyperventilation does not explain the differences found between normal persons and patients with lung disease.
Alveolar volume. Although Ogilvie and colleagues (6) found that pulmonary diffusing capacity varied little at different alveolar volumes, a number of investigators have found that there is a definite increase in pulmonary diffusing capacity as alveolar volume increases (11) (12) (13) 15) . We were aware that if the alveolar volume at rest was smaller than the alveolar volume during exercise, we might find an increase in pulmonary diffusing capacity that would depend on an increase in alveolar volume only. Because of this, we compared the alveolar volumes during rest and exercise and found them the same within 100 to 200 ml in every case. By having the subject take a maximal inspiration both at rest and during exercise, we were able to duplicate alveolar volumes in these two situations.
Fall in Po2 with breath-holding. During the 10 seconds of breath-holding, capillary Po2 will fall. This can affect the pulmonary diffusing capacity measurement by increasing the reaction rate of carbon monoxide and hemoglobin, and produces an increase in the apparent diffusing capacity of the lungs. If a fall in capillary Po2 were the only mechanism responsible for the increased pulmonary diffusing capacity with exercise, we would anticipate that patients with lung disease would have as much of an increase in pulmonary diffusing capacity as the normal subjects. Although a fall in pulmonary capillary Po2 may be partly responsible for the increase in pulmonary diffusing capacity observed with exercise, it is not a satisfactory explanation for the differences found between normal persons and patients with lung disease.
Increase in PCo2 with breathholding. Rankin, McNeill, and Forster (18) have demonstrated an increase in pulmonary diffusing capacity with an increase in alveolar CO2 tension. During the 10-second period of breath-holding, both at rest and during exercise, there is probably some increase in alveolar CO2 tension, and it is undoubtedly accentuated during exercise. This increase in alveolar CO2 tension may account for some of the increase in pulmonary diffusing capacity observed with exercise, but it would not account for the difference between normal persons and patients with lung disease.
Uneven distribution of inspired air. A considerable controversy exists about the interpretation of measurements of pulmonary diffusing capacity in patients with chronic obstructive emphysema. Apthorp and Marshall (15) have summarized the reasons the steady state method gives results that are often too low, whereas the single-breath method gives results that are often too high. In spite of the obvious problems, most workers agree with Rankin (19) that in the individual patient, the values are quite reproducible and that the measurement provides useful information concerning the capillary bed in the lung. Our patients with fibrosis, who have less difficulty with the distribution of inspired air than the patients with emphysema, responded to exercise in the same fashion as those with emphysema. Since the measurement of pulmonary diffusing capacity at rest and exercise was made at maximal inspiration, air was probably distributed in a similar way in both situations.
Fall in pulmonary diffusing capacity with exercise in patients with lung disease. Some of the patients with lung disease had a fall in pulmonary diffusing capacity with exercise. This decrease in pulmonary diffusing capacity cannot be explained on the basis of a difference in alveolar volume because the alveolar volumes were the same when the measurements were made. Exercise might produce edema of the alveolar capillary membrane in patients with lung disease. Such a change would have to occur within 2 minutes and not change appreciably with further exercise. In our patients with lung disease, the individual determninations of pulmonary diffusing capacity made at 2, 4, and 6 minutes after the start of exercise were all quite close together. If edema of the pulmonary capillary membrane were to develop, we would expect a progressive fall in pulmonary diffusing capacity with time.
It is possible that the patients with lung disease who are somewhat breathless in the performance of this test, which involves exercising on the treadmill and holding one's breath for 10 seconds after a maximal inspiration, are performing a partial Valsalva maneuver, obstructing the return of blood to the chest and thereby decreasing the size of the pulmonary capillary bed.' Ogilvie and colleagues (6) demonstrated a slight fall in pulmonary diffusing capacity with a considerable increase in intrathoracic pressure. Apparently the normal persons, the pregnant women, and the patients with atrial septal defect were able to perform the maneuvers entailed in the pulmonary diffusing capacity test without increasing intrathoracic pressure. SUMMARY 1. We have demonstrated the magnitude of increase in pulmonary diffusing capacity in normal subjects over a range of exercise levels.
2. Mild exercise is not always associated with an increase in pulmonary diffusing capacity in normal subjects. In them, exercise on a treadmill at 3 miles per hour, producing an oxygen consumption of 810 ml per minute, was always associated with an increase in pulmonary diffusing capacity.
3. Pregnant women, who presumably have a normal pulmonary capillary bed, and patients with atrial septal defect, who have a large resting pulmonary capillary bed, respond to exercise with an increase in pulmonary diffusing capacity identical to that of normal subjects. 4 . The pulmonary diffusing capacity in some patients with lung disease fails to increase in response to exercise. This failure suggests a restricted pulmonary capillary bed.
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